Regulation and role of the mitochondrial transcription factor in the diabetic rat heart.
To clarify the mechanism of abnormalities in mitochondrial expression and function in diabetic rat heart, we have studied the transcriptional activities of mitochondrial DNA using isolated intact mitochondria from the heart of either diabetic or control rats. The transcriptional activity of cardiac mitochondria isolated from diabetic rats decreased to 40% of the control level (P < 0.01). Consistently, in the heart of diabetic rats, the content of cytochrome b mRNA encoded by mitochondrial DNA was reduced to 50% of control (P < 0.01). This abnormal transcriptional activity of mitochondrial DNA could not be explained by mRNA or protein contents of mitochondrial transcription factor (mtTFA), but mtTFA binding to the promoter sequence of mitochondrial DNA, assessed by gel-shift assay, was attenuated in diabetic rats. In contrast, the mRNA expression of nuclear-encoded mitochondrial genes, such as ATP synthase-beta, was not affected by diabetes. Although O(2) consumption of the mitochondria from diabetic rats was decreased, H(2)O(2) production in these rats was increased compared with the control. Insulin treatment reversed all the abnormalities found in diabetic rats. These results clearly indicate that an impairment of binding activity of mtTFA to the promoter sequence has a key role in the abnormal mitochondrial gene expression, which might explain the mitochondrial dysfunction found in diabetic heart.